























Liag 
fr Awe 
. MAY 1 1919 

L. 46 APRIL 191 NO. 4 
4 Univ. oF mice 


BULLETIN 


OF THE 


TORREY BOTANICAL CLUB 


€ditor 


ALEXANDER WILLIAM EVANS 


Associate €ditors 


JEAN BROADHURST MICHAEL LEVINE 
James ArTHUR Harris George E.woop NicHoLs 
MARSHALL Avery Howe Ar.tow BurbetTe Stout 


NORMAN TAYLOR 


CONTENTS 


New species of Uredineae—XI....... JOSEPH CHARLES ARTHUR 107 


The preparation and treatment of woods for microscopic study. 
FOREST B. H. BROWN 127 


INDEX TO AMERICAN BOTANICAL LITERATURE. ......-.. 151 


PUBLISHED FOR THE CLUB 


THE MEW ERA PRINTING COMPANY 


LANCASTER, PA. 








Large Dissecting Stand 





A new design which meets every requirement by reason of its 
large size and wide range of usefulness. Accommodates inter- 
changeably Binocular Microscope body (illustrated), Monocular 
Erecting Body, using medium high power objectives, or simple lens 
in jointed arm—all focused by rack and pinion. The microscope 
bodies may be mounted on a sliding track, permitting the entire 
width of the stage to be covered. 


Stage, 8x7 inches, is provided with glass and metal plates, 
444 inches in diameter, and with adjustable background stops be- 
neath. 


With 38 and 19mm. doubletlenses ....... . $31.90 


With Binocular Microscope body, 40 mm. objectives and 
10X eyepieces, as illustrated above . . ..... . . $87.50 


Write for illustrated circulars. 


Bausch f lomb Optical ©. 


NEW YORK WASHINGTON CHICAGO SAN FRANCISCO 


LONDON ROCHESTER. NY. FRANKFORT 































Nye ee ae vk oe 












BULLETIN 
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APRIL, I919 


New species of Uredineae—xX|I * 
JoOsEPH CHARLES ARTHUR 


The preceding number in this seriest was issued in April, 1918. 
Studies since that time have shown that two species given there 
were founded upon a misinterpretation of the hosts. The material 
submitted by the collector for Puccinia wyomensis (Bull. Torrey 
Club 45: 143) consisted of three culms of Scirpus americanus, two 
of them fertile. These were about a foot long, once folded, and 
were intermixed with two fragments of culms and about twenty 
pieces of leaves averaging six inches long, having a similar appear- 
ance. Not until after publication was it ascertained that the 
material was separable into culms of Scirpus and leaves of what 
is undoubtedly an Agropyron. The rust is wholly on the A gropyron, 
although the Scirpus is discolored and wrinkled in a way to simu- 
late the grass leaves. The rust proves to be Puccinia Clematidis 
(DC.) Lagerh., of which P. wyomensis thus becomes a synonym. 
Recently the collector has distributed (Barth. N. Am. Ured. 1999) 
what purports to be the type collection of this form, but which 
wholly consists, so far as the specimen coming to the writer 
shows, of Puccinia obtecta Peck, on Scirpus americanus. 

* Reprints may be obtained by application to the Botanical Department, Purdue 
University Agricultural Experiment Station, Lafayette, Indiana, under whose auspices 
the studies here reported were largely carried out. 

+ New species of Uredineae I-X: Bull. Torrey Club (I) 28: 661-666. 1901; 


(II) 29: 227-231. 1902; (III) 32: 1-8. 1904; (IV) 33: 27-32. 1906; (V) 33: 
513-522. 1906; (VI) 34: 583-502. 1907; (VII) 37: 569-580. 1910; (VIII) 38: 


3690-378. 1911; (IX) 42: 585-503. 10915; (X) 45: 141-156. 1918. 


{The BULLETIN for March (46: 73-106, pl. 6, 7) was issued March 10, 1919.] 
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A somewhat similar error occurs in connection with Puccinia 
missourtensis (l. c. p. 146). In making studies for the genus 
Allodus, Professor C. R. Orton made the discovery that the host, 
consisting of a small fragment, 2 by 3-5 cm., is not Ranunculus 
recurvatus as stated by the collector, but is in reality Anemone 
cylindrica A. Gray, and that the telia on it belong to Puccima 
Anemones-virginianae Schw., while the aecia belong to P. Clema- 
tidis (DC.) Lagerh. 

A number of grass rusts, now known only in their uredinial 
form, undoubtedly belong either to the genus Puccinia or Uromy- 
ces. For the sake of convenience in listing such species it is pro- 
posed to transfer two of these names without waiting for the 
discovery of the telial form. They will be placed under Puccinia, 
as the chances are two out of three that they will eventually be 
found to belong in that genus rather than in Uromyces. In the 
case of three other species of grass rusts long known under the 
genus Uredo the teliospores have recently been discovered and, 
in the case of two of them, on type material, entitling them to a 
place under Puccinia. 

The wholly new species here proposed, some sixteen in all, are 
partly taken from recent collections, but more largely from material 
which has been long in the herbarium awaiting study. While a few 
of these came from the northern states, they are largely from the 
southern border of the United States, from Mexico and the West 
Indies. I have been given the privilege to include species derived 
from the studies of Professors Jackson, Holway and Bethel, 
which with others here published are shortly to be made part of 
the seventh volume of the North American Flora. 


Puccinia egressa nom. nov. 


Puccinia egregia Arth. Bull. Torrey Club 38: 370. 1911. Not 
P. egregia Arth. 1905. 

Through pure inadvertance the same specific name has been 
given by the writer to two unrelated rusts. The first opportunity 
since noticing the mishap is now taken to replace the later one, 
the species being on Baccharis oaxacana Greenm., still only known 
from the type collection made on Mt. Oaxaca, Mexico, by C. G. 
Pringle, in 1894. 
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Puccinia (?) fuirenicola nom. nov. 
Uredo Fuirenae P. Henn. Hedwigia 38: Beibl. [70.] 1899. Not 

Puccinia Fuirenae Cooke, 1878. 

The type of this species was collected at St. Catherine near 
San Francisco, Brazil, in 1884, by E. Ule, No. 15. Itis on Fuirena 
umbellata, the same species of host on which it occurs in Cuba, 
Porto Rico, and India. The author of the species so named it 
because he thought it probably a form of Puccinia Fuirenae Cooke, 
whose uredinia had not then been described. The urediniospores 
differ decidedly, however, from those of that species in size, thick- 
ness of wall, and number of pores. Teliospores are not known. 


Puccinia (?) Scribnerianum nom. nov. 

Uromyces Aristidae Ellis & Ev. Jour. Myc. 3: 56. 1887. Not 
U. Aristidae of later authors, or Puccinia Aristidae Tracy. 
Only the type collection of this species is known. It shows 

prominent sori with large, thick-walled urediniospores and strongly 

developed paraphyses. The type specimen in the Ellis Herbarium 
at the New York Botanical Garden is labelled ‘‘ Uromyces A ristidae 

Ellis & Ev. on leaves of Aristida Arizonica Vasey, New Mexico.” 

Within the packet is a note indicating that the material was com- 

municated by Prof. Scribner: ‘‘The Uromyces Aristidae I found 

on the lvs. of an herbarium specimen of the Aristida from New 

Mexico. I send you half of the material I found. F. L. Scribner.” 

A fragment of the same collection is in the Farlow Herbarium at 

Harvard University, communicated by J. B. Ellis, which gives 

the locality as ‘“‘Arizona”’ instead of New Mexico. Parts of these 

two specimens were transmitted to Professor A. S. Hitchcock at 

Washington, D. C., with the request that he look over the grass 

herbarium to see if the host could be matched or verified. He 

replied under date of November 3, 1913: “‘I have looked over the 
specimens of Aristida arizonica [in the National Herbarium], 
and I find one collected in New Mexico in 1884 upon which there 
is a rust apparently the same, so far as external appearances go, 
as the one on your specimens. This sheet [No. 745514] was 
formerly a part of the Scribner Herbarium, recently acquired by 
the National Herbarium. It is true that your specimen is said 
to have come from Arizona, and the published locality of the 
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[phanerogamic] specimen is Arizona, yet all the specimens in our 
herbarium upon which Dr. Vasey left a record, many of them 
with numerous notes and descriptions, are from New Mexico, 
and what I regard as the type of the species in spite of the pub- 
lished locality is from New Mexico.’ Professor Hitchcock kindly 
sent a portion of the rusted leaves from the phanerogamic speci- 
men, which proved to be identical in microscopic characters with 
the Ellis specimen. It is clearly evident that only one collection 
of the rust is known, partly in the Ellis collection in New York, 
partly in the Farlow Herbarium at Cambridge, and partly in the 
National Herbarium at Washington, which was collected by Dr. 
George Vasey at Santa Fe, New Mexico, in 1884,and communicated 
to Mr. Ellis by F.L. Scribner. The dark color of the spores must 
have led Mr. Ellis to call it Uromyces, thinking he had telia rather 
than uredinia. No trace of teliospores has yet been discovered. 

The species of Uromyces, which had been commonly called 
U. Aristidae, having urediniospores unlike those of the present 
species, and with teliospores usually present, was named U. 
seditiosus by Dr. F. D. Kern (Torreyat1:212. 1911), who pointed 
out the peculiar situation regarding the Ellis material. Again 
it seems desirable to explain the chain of circumstances making it 
necessary to give a new name to this imperfectly but long recog- 
nized rust. Although the teliospores are not known it will be 


placed under the genus Puccinia for convenience in listing. 


Puccinia Kaernbachii (P. Henn.) comb. nov. 


Uredo Kaernbachi P. Henn. Bot. Jahrb. 18: Beibl. [22]. 1894. 
Il. Uredinia hypophyllous, numerous, in lines, often confluent, 
elliptic, 0.5-1.3 mm. in length, long covered by epidermis, chest- 
nut-brown; paraphyses peripheral, usually erect, clavate-capitate, 
15-18 by 32-55u, the wall pale cinnamon-brown, 2-2.5 4 thick, 
thicker above, 7-10 4; urediniospores broadly ellipsoid or obovoid, 
18-24 by 26-324; wall chestnut-brown, 1.5—2 4 thick, uniformly, 
finely and closely echinulate, the pores usually 4, equatorial. 

I11. Telia similar to uredinia; teliospores oblong or oblong- 
ellipsoid, 16-19 by 35-48 4, usually rounded above and below, 
moderately constricted at septum; wall chestnut-brown, I-24 
thick, thicker above, 5-7 u, smooth; pedicel concolorous, fragile. 

On Andropogon stolonifer (Nash) Hitche., Brevard County, 
Florida, October 16, 1903, A. Fredholm 6122; Hillsborough 
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County, Florida, September 27, 1904, A. Fredholm 6406. Both 
collections were communicated in the spring of 1917 by Mrs. Agnes 
Chase, who separated them from specimens in the grass herbarium 
of the U. S. National Herbarium. 

Andropogon stolonifer is closely related to A. scoparius Michx., 
differentiated from it chiefly by having well-developed stolons. 
The two belong to the genus section Schizachyrium, while A. 
Schoenanthus L., the host of Hennings’ Uredo Kaernbachiu, belongs 
to the section Cymbopogon. It is the opinion of Mrs. Chase that 
the plant intended by ‘‘A. Schoenanthus’’may be one of the oil 
grasses that passed under that name. However, Stapf has shown 
that the true A. Schoenanthus is the desert grass called A. laniger 
Desv. 


Puccinia pallescens nom. nov. 


Uredo pallida Diet. & Holw.; Holway, Bot. Gaz. 24: 37. 1897. 

Not Puccinia pallida Tracy, 1893. 

Il. Uredinia amphigenous, oval or obiong, pale yellowish; 
paraphyses none; urediniospores ellipsoid, obovoid or pyriform, 
13-21 by 20-294; wall colorless or nearly so, thin, about I yp, 
finely and moderately echinulate, the pores equatorial, very 
indistinct, probably 4. 

III. Telia hypophyllous, scattered or associated in rather 
indefinite groups about I cm. across, oval or oblong 0.5—2 mm. 
long, covered by the epidermis, very compact and stromatoid, 
brownish-black due partly to discoloring of surrounding host 
tissue; teliospores cylindric, 1—4-celled, usually 2- or 3-celled, 
9-16 by 26-67 uw, truncate or rounded at both ends, slightly or 
not constricted at septum; wall light golden-brown, thin, I u, 
slightly thicker above, 2—3 u, smooth; pedicel very short or lacking. 

On Tripsacum lanceolatum Rupr., near City of Mexico, Mexico, 
October 1, 1896, II, Holway (type of Uredo pallida); Tizapan, 
near City of Mexico, Mexico, September 27, 1899, II, Holway 3504. 

On Tripsacum latifolium Hitche., Aguacalientes, Dept. Santa 
Rosa, Guatemala, January 25, 1908, II, iii, Kellerman 7802; 
Jinotepe, Nicaragua, November 3-7, 1911, II, III, Hitchcock 
(phan.) 8720; Volcano of San Salvador, Salvador, November 20- 
26, 1911, II, Hitchcock (phan.) 8947. 

On Zea Mays L., Naguabo, slope of El Duque, Porto Rico, 
April 19, 1916, Il, Whetzel & Olive 440. 
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The telia of this species have recently been detected by Dr. 
E. B. Mains and prove to be even more distinctive than the ure- 
dinia. They occur in abundance on the Nicaraguan collection and 
sparingly on the one from Guatemala, both specimens having been 
communicated by Mrs. Agnes Chase, who found them in the grass 
collection of the Department of Agriculture. The telia elevate 
the epidermis slightly, but are readily found on account of the 
brown coloration of the surrounding cells. They look, however, 
more like some species of Phyllachora than a Puccinia. The 
teliospores themselves are pale brown and translucent. Owing 
to the firmness of the enveloping tissues and the delicacy of the 
teliospores a scraped mount usually shows only the upper part 
of the teliospores, resembling a parenchymatous mass of tissue. 
Sections are required to reveal the form of the teliospores; they 
show that the central spores of the sorus are usually three-celled, 
while the peripheral spores are often one-celled. Generally the 
two-celled teliospores predominate. 

The type collection and the later one from the same region 
were first reported as on Tripsacum dactyloides, but were later 
found to be on 7. lanceolatum. Both collections show the char- 
acteristic small, pale urediniospores, but they also show much 
larger, thick-walled urediniospores of another rust, and in the 
case of one of them a few teliospores also. This association on 
the same leaves led at one time (Bull. Lab. Hist. Univ. Iowa 5: 
174. 1901) to the assumption that only one species was involved 
(P. Tripsaci Diet. & Holw., now referred to P. Ceanothi [E. & K.]} 
Arth.), the larger urediniospores being called amphispores. 

The urediniospores on Zea Mays are somewhat larger than 
those on Tripsacum. But as those on the collection of Paspalum 
from Guatemala, having two-inch-wide leaves resembling those 
of maize, are intermediate in size, and as no other grass rust is 
known having such urediniospores, the collection is assumed to 
belong here, awaiting the discovery of telia on this host. The 
size of the urediniospores apparently bears a direct relation to the 


succulency of the host. 


Puccinia imposita nom. nov. 
Uredo Muhlenbergiae Diet.; Atkinson, Bull. Cornell Univ. 3: 
1897. Not Puccinia Muhlenbergiae Arth. & Holw. 1902. 
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Il. Uredinia amphigenous on brownish or purplish spots, 
early or somewhat tardily naked, cinnamon-brown; urediniospores 
globoid or broadly ellipsoid, 23-32 by 27-35 4; wall cinnamon- 
brown, rather thick, 1.5-2.5 u, closely and finely echinulate, the 
pores prominent, equatorial, 3 or 4, covered with swollen, hyaline 
cuticle. 

[IIl. Telia disposed similarly to the uredinia, chestnut-brown; 
teliospores oblong or clavate, 18-26 by 37-48 uw, rounded at both 
ends or slightly narrowed below, usually not constricted at septum; 
wall dark chestnut-brown above, lighter below, 1.5-2.5 4 thick, 
thickened 6-8 u at apex, sometimes also thickened at one side; 
pedicel golden-brown, short. 

On Leptoloma cognatum (Schultes) Chase (Panicum cognatum 
Schultes), Auburn, Lee County, Alabama, August 31, 1890, II, iii, 
Geo. F. Atkinson 1586 (type); Ellsworth County, Kansas, July 
27, 1896, II, iii, C. H. Thompson; Austin, Texas, February 27, 
1901, I1, W. H. Long, Jr. 82; Austin, Texas, November 10, 1914, 
Il, Lewis & Tharp 41; Stillwater, Oklahoma, July 27, 1915, II, 
C. D. Learn 128; Austin, Texas, October 29, 1915, II, III, B. C. 
Tharp. The type collection had the host given as probably 
Muhlenbergia diffusa. The material is scanty and without in- 
florescence. Its identity was ascertained through the painstaking 
examination made by Mrs. Agnes Chase. On July 16, 1915, 
she wrote; ‘‘The specimen marked ‘Muhlenbergia diffusa’ | 
make Leptoloma cognatum. They have the same texture and 
ligule, and the little erect bit of firm tissue on either side at the 
summit of the sheath, where in aged leaves it tears loose from the 
thin ligule as found in Leptoloma.’’ The teliospores were dis- 
covered on type material in April, 1911, but it was not until the 
host was positively identified that the relationship of the rust could 


be worked out. 


Puccinia Cockerelliana Bethel, sp. nov. 


O. Pycnia amphigenous, few, 107—128 uw broad. 

I. Aecia hypophyllous or caulicolous, in small groups 3 mm. 
or less across, low cupulate; peridium soon disappearing; peridial 
cells rhombic, 16-23 by 27-35 u, the outer wall thick, 6-8 yu, 
smooth, the inner wall thinner, 2—3 4, coarsely verrucose; aecio- 
spores angularly globoid, 18-24 by 20-29 u; wall nearly or quite 
colorless, moderately thick, 1.5-2.5 wu, finely and evenly verrucose. 

II. Uredinia epiphyllous, intercostal, oblong-linear, 0.5—1 
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mm. long, cinnamon-brown; urediniospores ellipsoid, 19-26 by 
24-32 u; wall colorless or nearly so, 1.5—2 u thick, finely echinulate, 
the pores obscure, probably scattered. 

III. Telia similar to the uredinia, long covered by the epidermis, 
becoming dehiscent by a longitudinal slit, grayish-black; telio- 
spores not surrounded by stromal hyphae, cylindric or clavate- 
cylindric, 13-21 by 50-85 u, rounded or truncate above, tapering to 
base, the upper cell about one third length of spore, slightly or not 
constricted at septum; wall chestnut-brown above, paler below, thin, 
about I w, moderately thickened above, 3-7 u; pedicel short, tinted. 

On Thalictrum Fendleri Engelm., Gunnison County, Colorado, 
September 2, 1899, I, FE. Bartholomew; Eldora, Colorado, 9,000 
feet alt., July 25, 1910, I, EF. Bethel (Barth. N. Am. Ured. 616); 
Eldora, Colorado, June 24, and July 2, 1911, I, FE. Bethel; Trout 
Lake, 10,000 feet alt., August 2, 1912, I, F. D. Kern 5107; Trimble 
Springs, nine miles from Durango, Colorado, 7,500 feet alt., 
August 4, 1912, I, F. D. Kern 5303. 

On Festuca Thurberi Vasey, Eldora, Colorado, 9,000 feet alt., 
September 17, 1910, III; same, May 20, June 24, July 4 (type), 
October 7, 1911, II]; same, June 30, 1912, II1; same, September 
19, 1914, II1; same, July 22, 1916, III, all collected by E. Bethel; 
same, August 25, 1911, II, Bethel & Kern; Fremont Station near 
Manitou, Colorado, August 25, 1916, IT, III, J. M. Bates 6486. 

As early as 1910 Mr. Bethel wrote in transmitting specimens 
that these forms of rust on Thalictrum and Festuca, found growing 
together and apparently genetically connected, were noticeably 
different from the forms belonging under Puccinia Clematidis. 
He then transplanted healthy plants of both hosts to his garden 
in Denver, and the following year began a series of cultures, using 
both aeciospores and teliospores, which has extended to the present 
time. Some of the results of these numerous trials have been 
transmitted to the writer; the publication of a full account of the 
work, however, is contemplated by Mr. Bethel, who has supplied 
the name and nearly all the information regarding the species, 
and it is deemed neither necessary nor courteous to give more 
than a bare statement in this connection. Mr. Bethel also sent 
telial culture material several times to the writer, from which 
only one successful germination of spores was obtained. A culture 
followed, the result being recorded in a report of cultures for 1915 
(Mycologia 8: 132. 1916) under the name Puccinia A gropyri. 
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Puccinia Cockerelliana is conspicuously different in both gross 
and microscopic appearance from P. Agropyri, which occurs on 
the same and other similar hosts. The aecia are more crowded, 
more robust and more inclined to be bullate; the aeciopsores are 
larger and have much thicker walls. The telia are on the rough 
or morphologically upper side of the leaf and situated between the 
veins, instead of on the smooth side of the leaf or on sheaths and 
stems asin P. Agropyri. The telia are also larger, and become 
normally dehiscent and uncovered after a time. The teliospores 
are very long and slender, and have no enveloping stromal mass, 
as commonly found in strictly subepidermal forms. 

The species is named by Mr. Bethel in recognition of the emi- 
nent services rendered science in many fields by Professor T. D. A. 
Cockerell, of the University of Colorado, Boulder, Colorado, and 
especially to recall his help in studying the flora of Colorado, 


including the rusts and other fungi. 


Puccinia inclita sp. nov. 


Il. Uredinia amphigenous, tardily naked, brownish-yellow; 
urediniospores globoid or ellipsoid, 22-26 by 24-32 yw; wall pale 
vellow or brownish-yellow, thin, I-24, coarsely and sparsely 
echinulate with elongated and sharply pointed projections, the 
pores obscure, doubtless 3 and approximately equatorial. 

III. Telia similar to the uredinia, chocolate-brown; teliospores 
broadly ellipsoid or oblong, 26-29 by 35-40 u, rounded at both 
ends, very slightly or not constricted at septum, often with meso- 
spores intermixed, 23-27 by 26-29 u; wall chestnut-brown, 2.5- 
3.5 thick in upper cell and somewhat thinner in lower cell, 
thicker above, 3-6 w and often slightly lighter in color, smooth; 
pedicel golden-brown or paler, the diameter uniform, about one 
and one half times length of spore. 

On Ichnanthus pallens (Sw.) Munro, Mayagiiez, Porto Rico, 
March 2, 1916, II, Whetsel & Olive 396; El Yunque, Porto Rico, 
April 12, 1916, II, III, Whetzel & Olive 397 (type). 

On Oplismenus hirtellus (L.) R. & S., Las Marias, Porto Rico, 
July ro, 1915, II, F. L. Stevens 81178. 

The striking appearance of the urediniospores with their 
prominent echinulation caused the first collection studied, that 
by Professor Stevens on Oplismenus, to be referred to the South 
American Uredo Olyrae P. Henn. (see Mycologia 8:21. 1916), but 
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it wasafterward placed under Uredo paspalicola P. Henn. (see Myco- 
logiag: 92. 1917). The other two collections, those by Whetzel 
& Olive on IJchnanthus, were placed under Puccinia substriata 
Ellis & Barth. (see Mycologia 9: 73. 1917),a species now consid- 
ered to include Uredo paspalicola. More intimate and extended 
comparisons, however, have led to the belief that this form should 
be separated from the widely distributed and variable P. substriata. 
The most characteristic features are the large and usually pale 
urediniospores, with their thin walls, sparsely covered with spine- 
like points. The spores were at first thought to be thick-walled 
see Mycologia 8: 22. 1916),an error due, as in many other cases, 


to mistaking the dense ectoplasm of the cell as part of the wall. 


Puccinia Coelopleuri sp. nov. 


O. Pycnia amphigenous or petiolicolous, crowded in groups 
I-2 mm. in diameter, noticeable, subepidermal, globoid, 96-112 u 
in diameter; ostiolar filaments short. 

Il. Uredinia amphigenous; the primary form sometimes peti- 
olicolous, crowded, circinating about the pycnia in round or oblong 
groups 2-10 mm. long, oblong, 0.5-4 mm. long, early naked, 
pulverulent, cinnamon-brown, ruptured epidermis conspicuous, the 
secondary form scattered over the surface of the leaves unaccom- 
panied by pycnia, oval, 0.2—-0.5 mm. long, otherwise like the pri- 
mary form; urediniospores broadly obovoid or ellipsoid, 22-26 by 
27-35 wu; wall cinnamon-brown, 2-2.5 » thick, much thicker above, 
3-7 u, moderately echinulate, the pores 3, equatorial, covered by 
the colorless swollen cuticle. 

Ill. Telia mostly hypophyllous, scattered, oval, 0.2-0.5 mm. 
long, early naked, somewhat pulverulent, chocolate-brown, rup- 
tured epidermis evident; teliospores cylindric, oblong or oblong- 
clavate, 15-20 by 37-63 u, rounded at both ends, or slightly nar- 
rowed below, not or slightly constricted at septum; wall dark 
cinnamon-brown, thin, 1-24, slightly thickened at apex, 3-44, 
smooth; pedicel colorless, fragile, short. 


On Coelopleurum Gmelini (DC.) Ledeb., Juneau, June 20, 1917, 
No. 355, July 18, 1918, No. 481; Mendenhall, June 24, 1917, No. 
366, September 9, 1917, No. 387 (type), August 3, 1918, No. 487; 
Haines, August 21, 1918, No. soz, all from Alaska, and collected 
by J. P. Anderson. A conspicuous and, on account of its large 
spores, a striking species. 
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Puccinia parca sp. nov. 


Il. Uredinia hypophyllous, scattered or irregularly grouped, 
roundish, 0.3-0.6 mm. across, brownish-yellow, pulverulent; 
urediniospores narrowly ellipsoid or obovoid, 13-16 by 19-26 u; 
wall brownish- or light-yellow, very thin, I uw or less, moderately 
and inconspicuously echinulate, the pores indistinct, 2-4, equa- 
torial or superequatorial. 

III. Telia similar but slightly larger than the uredinia, dark 
cinnamon-brown, pulverulent; teliospores ellipsoid or oblong, 
15-19 by 29-424; wall cinnamon-brown, rather thin, I-24, 
thickened into a hemispherical hyaline papilla over the pores, 
4-5 u, smooth; pedicel colorless, one half length of spore or less, 
fragile. 

On Tiniaria scandens (L.) Small (Polygonum scandens L.), 
Flatbush, Long Island, New York, October 5, 1889, II, III, 
J. L. Zabriskie 703; Stelton, New Jersey, September 7, 1892, 
II, Ill, Byron D. Halsted (Seym. & Earle, Econ. Fungi 367, 
type); Laurel Springs, northwestern North Carolina, September 
20, 1904, II, Ill, H. H. Hume 278. As long ago as October, 
1905, Professor Holway called the attention of the writer to 
the peculiarities of the rust issued by Seymour & Earle in their 
Economic Fungi under the name of P. mammillata. Professor 
Holway pointed out that that species has rough spores and of a 
different shape from this material. He thought it might be a new 
species, but later in his North American Uredineae (1: 40) placed 
it doubtfully under P. septentrionalis Juel. P. septentrionalis is a 
boreal species on Bistorta viviparum, having its aecia on Thalic- 
trum alpinum, and in America has been taken in Alaska and New- 
foundland. The rust in question agrees with P. septentrionalis 
in the character of its teliospores, as Professor Holway pointed 
out in detail, but differs from it in having slightly narrower uredin- 
iospores, with thinner walls, of a lighter and more yellowish color. 
The species is markedly distinct from P. Polygonit A. & S., the 
common rust on the same and related hosts, both in the teliospores 
and urediniospores. The pores of the urediniospores are difficult 
to make out, but are usually three and approximately equatorial, 
while in the more common P. Polygoni they are distinct and two in 
the upper part of the spore. 
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Puccinia gentilis sp. nov. 


I]. Uredinia hypophyllous, scattered, round or elliptic, 0.3-0.8 
mm. across, pulverulent, cinnamon-brown; urediniospores oblate- 
spheroid, 23-26 uw broad by 19-24 4 long, or globoid to obovoid, 
21-23 by 21-284; wall dark cinnamon-brown, 1.5-2 uw thick, 
moderately and strongly echinulate, the pores 2 or 3, subequatorial 
or approximately equatorial. 

III. Telia hypophyllous, similar to the uredinia, becoming 
pulverulent, blackish-brown; teliospores broadly ellipsoid, 27—32 
by 35-45 u, rounded above and below, not constricted at septum; 
wall chocolate-brown, thick, 3-5 u, thickened over the germ-pore 
into a vellowish umbo, 7-10 up thick, moderately verrucose with 
markings uniting into short irregular lines giving a coarsely verru- 
cose appearance; pedicel colorless, with thin walls, Iu or less, 
twice length of spore. 

On Salvia alamosana Rose, Oaxaca, Mexico, October 21, 1899, 
I], ii, EZ. W. D. Holway 3600; Salvia sp., Oaxaca, Mexico, October 
18, 1899, II, III, EF. W. D. Holway 3666 (type). The species is in 
many respects similar to Puccinia mitrata Syd., but the uredinio- 


spores are larger and more prominently echinulate. 


Puccinia prospera sp. nov. 


Il. Uredinia amphigenous, scattered, round, 0.2-0.8 mm. in 
diameter, pulverulent, cinnamon-brown; urediniospores oblate 
spheroid, 25-30 broad by 20-234 long; wall cinnamon-brown, 
1.5 thick, moderately and rather strongly echinulate, the pores 
2 or 3, subequatorial. 

[11. Telia hypophyllous, similar to the uredinia, pulverulent, 
chestnut-brown; teliospores broadly ellipsoid, 27-32 by 35-40un, 
rounded above and below, not constricted at septum; wall chest- 
nut-brown, rather thin, 1-2.5 4, thickened over the germ-pores, 
5-7 u, obscurely verrucose-rugose; pedicel colorless, fragile, once 
to once and half length of spore, thin-walled, fragile. 

On Salvia microphylla H. B. K., Toluca, Mexico, September 
17, 1898, II, E. W. D. Holway 3136; Pachuca, Mexico, October 5, 
1899, II, III, E. W. D. Holway 35709 (type). Another species of 
the P. mitrata group, the teliospores being of the same size as those 
of that species, but with the thickness of wall and its markings 
like P. farinacea Long. The urediniospores also have the size of 
P. farinacea. 
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Puccinia massalis sp. nov. 


O. Pycnia amphigenous and caulicolous, rather conspicuous, 
subepidermal, 112—120 uw broad. 

I. Aecia amphigenous and caulicolous, crowded in irregular 
groups 2-10 mm. across on the blades, often 6-20 mm. long on the 
stems, petioles and veins, causing distortion of the host, cylindric, 
0.5-0.8 mm. in diameter, 0.5-1 mm. high; peridium with erect 
margin, erose or somewhat lacerate; peridial cells rhombic, 19-27 
by 32-45 u, the outer wall 7-104 thick, smooth, the inner wall 


5-10 yw, closely tuberculate ; aeciospores ellipsoid, 16-18 by 22-27 u; 
wall colorless, 1.5-2 4 thick, very closely and inconspicuously 
verrucose. 

Il. Uredinia amphigenous, scattered, round, 0.8-1.2 mm. in 
diameter, pulverulent, cinnamon-brown; urediniospores irregularly 
ellipsoid, obovate or oblong, 13-24 by 27-35 8; wall light cinna- 
mon-brown, I-1.5 4 thick, moderately echinulate, the pores 2 
equatorial. 

I1l. Telia similar to the uredinia, pulvinate, chocolate-brown; 
teliospores ellipsoid, 23-32 by 39-48 wu, rounded above and below, 
slightly or not constricted at septum; wall dark chestnut-brown, 
thick, 3-5 4, thickened and lighter-colored over the germ-pores, 
9-10 w, smooth, the pore of upper cell apical, of lower cell usually 
half way to hilum or occasionally at septum; pedicel colorless, 
once to thrice length of spore. 


On Helianthus ciliaris DC., Las Cruces, New Mexico, October 


’ 


27, 1892, I, III, FE. O. Wooton; Ysleta, Texas, February 24, 1914, 
I11, Arthur & Fromme 5704; Mesilla Park, New Mexico, October 
7, 1914, III, and May 9, 1915, I, W. A. Archer; Albuquerque, 
New Mexico, December, 1914, III, W. H. Long 5183; Brazito, 
New Mexico, June 15, 1915, 1, II, III, W. A. Archer (type). This 
is a much more robust species than Puccinia Helianthi Schw., 
to which most of the collections here cited have been referred 
(Mycologia 8: 159. 1916). The aecia are much larger, and cause 
swelling of the adjacent tissues, even giving the appearance in 
some cases of being a systemic rust. Both the aeciospores and 
teliospores have far thicker walls. 


Puccinia invelata Jackson, sp. nov. 
QO. Pycnia epiphyllous, gregarious, few, inconspicuous, sub- 
epidermal, 115 « broad. 
I. Aecia hypophyllous, solitary or in groups of two or three; 
peridium lacerate; peridial cells ellipsoid, 14-18 by 27-35 u, over- 
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lapping, the wall 3 u thick; aeciospores ellipsoid, 16-23 by 24-26 yu; 
wall 1~1.5 uw thick, closely verrucose. 

If. Uredinia hypophyllous, scattered, roundish, small, 0.2-0.4 
mm. across, moderately pulverulent, cinnamon-brown; uredinio- 
spores globoid, ellipsoid or obovoid, 20-26 by 24-29 uw; wall cin- 
namon-brown, 1I.5-2 uw thick, prominently echinulate, the pores 2, 
surrounded by an indistinct smooth area, equatorial. 

Ill. Telia hypophyllous or somewhat amphigenous, scattered, 
roundish, small, 0.1-0.4 mm. across, early naked, compact, 
chestnut-brown; teliospores ellipsoid or obovate, often somewhat 
irregular, 19-26 by 32-45, obtuse or rounded above, more or 
less narrowed below, slightly constricted at septum; wall cinna- 
mon-brown, laminate, thin, 1.5—2.5 « thick, much thicker above, 
7-10 wu, with distinct and somewhat paler umbo; pedicel colorless, 
once to once and a half length of spore, usually breaking away. 

On Verbesina montanoifolia Robs. & Greenm., Patzcuaro, 
Mexico, October 16, 1898, ii, III, 3000 (Barth. Fungi Columb, 
5055); Morelia, Mexico, October 8, 1899, ii, III, 3592 (Barth. 
N. Am. Ured. 426); Patzcuaro, Mexico, October 10, 1899, O, I, IT, 
III, 3606-7 (type), all collections by E. W. D. Holway. The 
species differs from P. abrupta Diet. & Holw., which occurs on 
the same and other species of Verbesina, by the strongly obovate 
teliospores with somewhat narrowed base, paler and thinner walls, 
and more fragile pedicel. The Verbesina rusts have recently been 
studied by Professor H. S. Jackson, who has separated this form 
as a new species and supplied the name and diagnosis. 


Uromyces Shearianus nom. nov. 
Aecidium Atriplicis Shear, Bull. Torrey Club 29: 453. 1902. 
Uromyces Atriplicis Arth. Bull. Torrey Club 45: 141. 1918. 

Not U. Atriplicis McAlpine, 1906. 

In the preceding number of this series the writer transferred 
the early specific name of this rust to another genus without 
noticing that it had already been used in that connection for a 
wholly unlike rust occurring in Australia. Although regretting 
the unnecessary synonym I am pleased to have the opportunity 
to dedicate the species to Dr. C. L. Shear, who first described it, 
and who has done notable service in many ways in the field of 
mycology. 
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Uredo biporula sp. nov. 

Il. Uredinia hypophyllous, chiefly scattered or somewhat 
gregarious, orbicular, 0.2-0.3 mm. in diameter, soon naked, pul- 
verulent, dark cinnamon-brown; urediniospores triangular-obo- 
void, 21-23 by 23-26 uw; wall dark cinnamon-brown, I-2 yu thick, 
moderately and finely echinulate, the pores 2, basal, and close to 
the hilum. 


On Salvia fulgens Cav., Amecameca, Mexico, October 31, 
1899, E. W. D. Holway 3758. This collection, in which the ured- 
inia are abundant and conspicuous, shows the unique character 


among Salvia rusts of two basal pores in the urediniospores. 


Uredo amicosa sp. nov. 

Il. Uredinia hypophyllous, scattered, bullate, 0.2-0.4 mm. 
in diameter, opening by a central pore; paraphyses thickly im- 
bricated, the united bases forming a tissue-like lining to the sides 
of the sorus, the long free ends cylindric or fusiform-cyclindric, 
10-16 by 67-112 wu, acuminate or acute, the wall colorless, thick- 
ened to nearly or quite obliterate the lumen; urediniospores 
epedicillate, angularly oblong, ellipsoid, or obovoid, 23-34 by 
40-60 uw; wall golden-brown, 2-34 thick, sometimes twice as 
thick at apex, sparsely and strongly echinulate, the pores obscure, 
possibly 3 or 4 and equatorial. 

On Chrysophyllum Cainito L., mesas near Mayagiiez, Porto 
Rico, March 29, 1917, H. E. Thomas 264. There are many 
sapotaceous rusts, but this one on the common star apple of the 
tropics seems to be different from any heretofore described. The 
rather conspicuous sori are abundantly scattered over the under 
side of the leathery leaves. The spores may possibly be catenu- 
late, as no pedicels can be detected, either attached to the spores 
or at the bottoms of the sori. Two species of Uredo have been 
described on undetermined species of Chrysophyllum from Brazil, 
but both of them have much smaller spores and quite different 
sori, judging from the descriptions, no specimens having been seen. 
They are Uredo chrysophyllicola P. Henn. (Hedwigia 41: 106. 
1902) and U. Chrysophylli Sydow (Hedwigia 49: 78. 1909). 


Uredo ignava sp. nov. 


Il. Uredinia amphigenous, numerous on light brown dis- 
colored areas, roundish or oblong, 0.2—0.6 mm. across, pulverulent, 
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cinnamon-brown; paraphyses peripheral, numerous, hyphoid, 
incurved, 10-13 by 29-454, the wall pale cinnamon-brown or 
sometimes colorless, I-1.5 w thick, frequently thickened 3-5 u on 
the convex side; urediniospores obovoid or ellipsoid, 14-19 by 
23-27 uw; wall colorless or pale cinnamon-brown, I-2 mm. thick, 
moderately echinulate, the pores obscure, probably 4 and equa- 
torial. 


On Bambos vulgaris Schrad., Santiago de las Vegas, Cuba, 
January 29, 1916, J. R. Johnston 424 (type); Maricao, Porto Rico, 
March 15, 1916, Whetzel & Olive 428, 420; Mayagiiez, Porto Rico, 
March 20, 1916, Whetzel & Olive - 27. 

The rust produces an abundance of pale yellowish sori on both 
sides of the leaf, but especially beneath, and more or less discolors 
the tissues. It has been referred to Uredo paspalicola (Uredinales 
of Porto Rico, Mycologia g: 92. 1917; Uredinales of Cuba, 
Mem. Torrey Club 17: 165. 1918), which it much resembles. 
There are a number of bamboo rusts. The material listed here 
has been carefully compared with Puccinia corticioides Berk. & Br. 
(Syd. Ured. 1263), P. Kusanoi Diet. (Syd. Ured. 1239, 1373, 
1373), P. longicornis Pat. & Har. Svd. Ured. 7374), and one other 
species distributed by Kingo Miyabe as P. Phragmitis, all from 
Japan, and P. Bambusarum (P. Henn.) Arth. from South America, 
as well as P. Arundinariae Schw. from North America, all on 
species of Arundinaria or Bambos (or Bambusa as the generic 
name is often written). It has also been compared with the de- 


scriptions of other species on these hosts. 


Aecidium Clemensae sp. nov. 


QO. Pycnia epiphyllous chiefly, few, crowded opposite the 
encircling aecia, noticeable, reddish-brown, subepidermal. 

I. Aecia hypophyllous, crowded in orbicular groups 3-8 mm. 
across on much larger slightly discolored spots, cupulate or cylin- 
dric, 0.2-0.4 mm. in diameter; peridium revolute, coarsely lacerate; 
peridial cells rhomboidal, 32-47 u long, somewhat overlapping; 
aeciospores angularly globoid or broadly ellipsoid, 19-27 by 24- 
27 wu; wall colorless, 1-2 w thick, moderately and closely verrucose. 

On Cissus incisa (Nutt.) Des Moulins, Fort Sill, Oklahoma 
June 19, 1916, 17931 (type), July 27, 1916, 77931a, both collected 
by Mrs. Joseph Clemens. This aecial rust is undoubtedly heteroe- 


cious. It has some resemblance to the aecia of Puccinia subnitens 
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Diet., but possesses much larger spores. It is a pleasure to have 
the opportunity to name this rust in honor of an indefatigable and 
able collector, who has contributed largely to the wealth of material 
for study in the rusts as well as in many other groups of plants. 
The material has been secured from many regions during her 
world-wide travels, and has been most generously placed at the 


service of students. 


Aecidium Bourreriae Holway, sp. nov. 

O. Pycnia amphigenous, few in small groups, noticeable, 
subepidermal, 128-160 uw broad. 

I. Aecia hypophyllous, loosely grouped,  short-cylindric, 
0.2-0.3 mm. in diameter; peridium fragile; peridial cells rhombic 
in side view, 13-15 by 23-244, slightly overlapping, the outer 
wall 6-7 uw thick, transversely striate, the inner wall 3.5-4.5 u 
thick, closely and rather prominently verrucose; aeciospores 
globoid or ellipsoid, 19-23 by 23-26 uw; wall colorless, rather thick, 
1.5—2.5 u, closely and finely verrucose. 

On Bourreria havanensis Miers, Nassau, New Providence, 
Bahama Islands, March 2, 1903, E. W. D. Holway. Professor 
Holway distributed this collection under the name here used, but 
left the publication of the description to some one else. 


Aecidium Chamaecristae sp. nov. 
Aecidium Cassiae Ellis & Kellerm. Trans. Kans. Acad. Sci. to: 

91, hyponym. 1887. Not A. Cassiae Bres. 1891. 

OQ. Pycnia amphigenous, subepidermal, noticeable, in small 
groups, 70-96 uw in diameter. 

I. Aecia amphigenous, loosely grouped upon reddish spots 
2-8 mm. across, cupulate, 0.I-0.2 mm. in diameter, short; peridium 
recurved, erose; peridial cells rhombic or rhomboidal, 16-23 by 
26-35 wu, considerably overlapping, the outer wall thick, 9-10 u, 
transversely striate, smooth, the inner wa! thinner, 4-6 u, closely 
verrucose; aeciospores globoid or ellipsoid, 15-19 by 18-25 u; 
wall colorless, thin, I-1.5 uw, finely and closely verrucose. 

On Chamaecrista fasciculata (Michx.) Greene (Cassia fasciculata 
Michx.), Manhattan, Kansas, 1886, W. A. Kellerman (Ellis & Ev., 
N. Am. Fungi 7825); Lincoln, Nebraska, May 28, 1902, John L. 
Sheldon; same, May 29, 1902, George G. Hedgcock. The species 
has apparently never been described, and the name long since 


chosen was already in use when given. The original collection 
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issued as No. 1825 in Ellis & Everhart’s North American Fungi 
may be accepted as the type. The collections give the host as 
Cassia Chamaecrista, which by some taxonomists is considered to 
be the same as C. fasciculata. The fungus much resembles 
Aecidium Torae P. Henn., occurring on Cassia Tora in Ceylon 
and Africa, but varies in seemingly important ways, particularly 
in having well-developed pycnia, which are absent in the foreign 


collections examined. 


Aecidium modestum sp. nov. 


©. Pycnia caulicolous, inconspicuous, subepidermal, globoid, 
160-220 u in diameter. 

I. Aecia caulicolous, in groups 4-10 mm. long, short cylindric, 
0.3-0.4 mm. broad; peridium erect, erose or somewhat lacerate; 
peridial cells seen with difficulty in side view, in face view very 
irregular in shape, 19-23 by 35-58 uw, the outer wall thin, about 
I-1.5 4, almost smooth, the inner and side walls 2-34 thick, 
closely and prominently verrucose; aeciospores ellipsoid or oblong, 
23-26 by 27-32 u; wall colorless, I-1.5 w thick, finely and closely 
verrucose. 

On Zephyranthes sp., near Ixmiquilpan, State of Hidalgo, 
Mexico, 1905, Rose, Painter & Rose 8952. The species differs 
from A. Zephyranthis Shear, also from Mexico, in possessing larger 


pycnia and aeciospores, and in having more delicate peridial cells. 


Aecidium ingenuum sp. nov. 


QO. Pycnia hypophyllous, discoid, inconspicuous, subcuticular. 
80-130 uw broad by 40-50 u high, without ostiolar filaments. 

I. Aecia hypophyllous, closely packed in rows, nearly cylindric 
to tongue-shaped, often confluent; peridium erect, 0.5-0.8 mm. 
high, very delicate and fragile; peridial cells in radial section 
narrowly oblong or linear, 10-16 by 32-42 u, somewhat over- 
lapping, the outer wall 1-2 uw thick, smooth, the inner wall 3-5 u 
thick, closely verrucose with slender tubercles; aeciospores globoid 
or broadly ellipsoid, 13-16 by 16-23 u; wall colorless, 2—3 u thick, 
half the thickness being due to the close, rather fine and somewhat 
deciduous tubercles. 

On Picea canadensis (Mill.) B. S. P., Fish Creek, Wisconsin, 
June 30, 1913, J. J. Davis; Solon Springs, Wisconsin, June 17, 
1914, J. J. Davis; and Walden, Vermont, June 8, 1917, C. L. 
Orton, communicated by C. R. Orton (type). This is the first 
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Peridermium on Picea having subcuticular pycnia to be found in 
North America. In Europe one such form is known, which was 
shown by cultures made in 1916 by Ed. Fischer (Mitt. Nat. Ges. 
Bern 1916: 131. 1917) to belong to Pucciniastrum sparsum 
(Wint.) Ed. Fisch., on Arctostaphylos. The American form doubt- 
less belongs to some species of Pucciniastrum, but probably not 
to P. sparsum, as the spores are considerably smaller than in the 
European form of that species. 
PURDUE UNIVERSITY, 
LAFAYETTE, INDIANA 
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1. INTRODUCTION 

By reason of extreme variation in the mineral, resin- or gum- 
like content, and in the texture, hardness, and other properties 
peculiar to the stem tissues of tropical woody plants, the task of 
preparing these for microscopic study is ordinarily a difficult one, 
particularly in the case of an extensive series composed of numerous 
unrelated species of widely differing ecological types. The pub- 
lished technique relating to the preparation of wood for slides has 
been worked out primarily from a study of the comparatively soft 
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tissues of the woods of temperate regions, to which anatomical 
work has, in large part, been confined. Such tissues often cut 
satisfactorily without treatment, while even oak and hickory, 
among the hardest of such woods, if taken from fresh (green) 
material, may be satisfactorily sectioned along any plane, by a 
microtome, without any preparatory treatment. Tropical wood 
collections, on the other hand, ordinarily embrace a high proportion 
of species the tissues of which, particularly when selected from 
dry material, can only be cut after a more or less prolonged treat- 
ment, the nature of which varies considerably according to the 
structural features of the species or type. Moreover, after sections 
of sufficient clearness have been obtained, to an even greater 
degree than in temperate woods, there are many anatomical 
characters, often of the greatest interest, which cannot be satis- 
factorily observed without the use of reagents, stains, or media of 
definite refractive properties. To meet the particular needs in 
this field, there is insufficient information at hand, and, further, 
little seems to have been added in recent years. Papers marking 
distinct progress in anatomical work too often neglect to publish 
essential details in the methods employed. 

During the years 1916-1918, the writer carried out an extended 
investigation of the woods of Hawaii. In the course of these 
studies it was found necessary to devote a very considerable 
amount of the time to the preparation of slides, and altogether 
more than three thousand permanent mounts were made, including 
approximately one hundred macerations. In connection with 
this work, various accepted methods were tested and a number 
of new ones were devised. In the present paper, the technique 
employed is described in some detail, particular attention 
being called to certain heretofore undescribed methods of treat- 
ment and to a number of improvements on the methods in 
in common use. While emphasis is thus placed upon the treat- 
ment of the highly complex woody tissues of tropical dicotyledons, 
the suggestions embodied should be of value in the treatment of 
other woods than tropical, or of other than woody tissues, in that, 
to a certain extent, the treatment of some of the cellulose tissues 
of the stem, particularly the collenchyma and phloem layers, has 


been included. 
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The writer is indebted to Professors J. W. Toumey, S. J. 
Record and others, of the Yale School of Forestry, and to Pro- 
fessors A. W. Evans and G. E. Nichols, of the Department of 
Botany, for the use of authentic material, for the facilities essen- 
tial for accurate work, and for many helpful suggestions and 
criticisms. 


2. ADJUSTMENT OF MICROTOME 


For sectioning, Thomson’s modification of the Jung-Thoma 
sliding microtome ('10), supplied with Walb. blades 170 mm. in 
length and 35 mm. in width, was used. To secure the best results, 
it was found essential that careful attention be paid both to the 
sharpening of the knife and to its adjustment on the carriage of the 
microtome. Briefly, the knife was first sharpened to a wedge- 
shaped edge of which the two planes were inclined at an angle @ 


(Fic. 1) of 20° to each other. At the same time, perfect axial 
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FiG. I Diagram to show edge of sliding microtome knife cutting section 10 4 


thick. § (representing downward inclination) = 4.° 6 (representing acuteness of 


edge after being ground with back raised by cylindrical clamp) = 20.° 


alignment of the cutting edge was secured in the manner to be 
described presently. In mounting on the carriage, the blade 
was first inclined downward so as to form an angle 8 (Fic. 1) of 4° 
between the lower plane (OC) of the knife wedge and OE, the 
plane in which a given tissue is to be sectioned (vertical incli- 


nation). The knife carriage was then revolved in a horizontal 
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plane so that the edge of the blade lay at a definite angle with 
reference to the direction of movement of the carriage on the slide- 
way. For general work, a horizontal angle of inclination of about 
20° was found satisfactory, but to obtain extremely thin sections, 
as in imbedded material, an angle of about 5° proved to be best. 

Since angle @’ (Fic. 1), which the planes of the average micro- 
tome knife make with one another, is ordinarily more acute than 
at the edge honed to 20°, this difference must be allowed for in 
adjusting the vernier. Thus if @’ is 13°, the vernier should read- 
7.5 to give an inclination of 4°, an excellent angle for most work. 
A few woods containing gummy or resin-like material cut better 
at a somewhat greater inclination, as 6°. On the other hand, if 
the blade tends to “pull into” the tissue, a more acute inclination 
may be needed. 

It is doubtful if cutting edges with @ less than 20° should ever 
be used in cutting woody tissues. The more acute edge is too 
easily injured to be used in cutting many of the harder woods, such 
as Pandanus, even when these have been carefully treated. The 
20° edge, on the other hand, has sufficient strength in blades of 
good quality to appear undamaged under the microscope after 
use in cutting any of the treated material, and at the same time 
it is sufficiently acute to meet every requirement. The chief 
objection to using a more obtuse edge is that the section, especially 
at steep inclinations of the blade, is too sharply bent at O, Fic. 1, 
in cutting, so that it tends to curl or even roll up. It is partly for 
this reason, also, that the downward inclination of the knife 
(angle 8) should not be greater than necessary. 

But even if the inclination is correct, the quality of the work 
which the instrument is capable of doing may be seriously im- 
paired by an imperfectly aligned cutting edge. This, of course, 
is a point which does not have to be taken into account at all in 
using a rotary microtome. For the sliding microtome, it is not 
sufficient that the edge shall coincide with a single plane, as OD, 
Fic. 1. Errors of alignment from heel to point may still be present 
by reason of which an otherwise well sharpened edge would not 
coincide with a plane passing through O at right angles to OD. 
Here an error so slight as to escape detection by the eye may be 


the entire cause for poor work. For example, let the error of 
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alignment, 7, midway between heel and point be 0.3 mm. with 
reference to a plane meeting the bisecting plane OD at right angles 
and in contact with heel and point. Let angle 6 = 20°, angle 
10°, angle 8 = 4°, and angle a + 8 = 14°. Distance y = r 
sin (a + 8), representing the error of alignment of the knife edge 


g= 
with reference to the plane of section, will then be 72 u. In other 
words, when heel and point of blade are in contact with the plane 
of section, the edge at mid-distance will be 72 u above this plane; 
whence it follows that with each full heel-to-point horizontal stroke 
in cutting, as when revolved horizontally at an acute angle of 


about 4° with reference to the direction of motion, the edge will 
twice traverse a vertical distance of 724 through the tissue, 
destroying the section. With the edge thus imperfectly aligned, 
the knife can be used to advantage in a sliding microtome only 
when placed less obliquely to the direction of motion than is 
essential for the cutting of thin sections, as at 20°-40°, in which 
position sections are cut with fractional strokes considerably less 
than the length of a 170 mm. blade. 

To give the true edge essential to accurate work in cutting 
woody tissues, the use of a special type of hone is necessary. 
Such a hone consists of a piece of plate glass as wide as the knife is 
long, with a true plane surface covered with Diamantine Powder 
and oil or water, so that the knife remains constantly in contact 
with the hone throughout its length during the process of grinding. 
An excellent abrasive may be prepared by grinding two fine 
Belgian or carborundum hones together, and collecting the fine 
powder thus produced on the surface of the glass. This is not so 
harsh as the No. 1 Diamantine. Having ground the blade on the 
glass hone until the edge at both sides makes perfect contact with 
the surface, a brief grinding on a Belgian hone (2 x 8 in.) wet with 
30 per cent glycerine will often give an edge sufficiently even and 
sharp for general work. The knife should be drawn across the 
hone obliquely, heel and edge forward, alternately upon each side. 
But, for best results, this grinding should be followed by sharpening 
upon a flat leather-surface hone, the blade in this case. being 
pushed obliquely, point and back forward, along the hone. The 
surface of this hone may be kept in condition by the use of any of 


the fine abrasives used for this purpose on razor strops. A strop 














132 BROWN: Woops FOR MICROSCOPIC STUDY 


of the hanging type should not be used in that it tends to round 


the planes of the knife wedge. The wedge angle is best regulated 


by the use of a cylindrical metal clamp fastened to the back of the 


knife during the process of sharpening. 


In addition to the possession of (1) true axial alignment , the 


edge should (2) be sharp enough throughout its length to cut a hair 
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FIG. 2. Block showing tropic al wood (Te- 
coma sp.) with tissues properly oriented for 
sectioning in cross, radial, or tangential planes. 
H, heart-wood; S, sap-wood. The rays (M, 
R) are low and narrow; the vessels (V), num- 


erous and small. G, growth-ring. 


by contact and (3) should 
appear perfect'y even and 
without nicks under the low 
power of the microscope. 
The number of sections 
which may be cut without 
re-sharpening the knife is 
ordinarily small; with diffi- 
cult material, frequently as 
few as two or three perfect 


sections. 


3. PREPARATION OF 
MATERIAL FOR 
SECTIONING 
A. CUTTING THE BLOCKS 

In preparing material 
for sectioning, the blocks 
must be shaped with refer- 
ence to the plane or planes 
in which the sections are to 
be cut. Thus a block in- 
tended for a cross, radial, 
and tangential series of 
sections may have a radial 
length of 2 cm., a vertical 
height of 8 mm., and a 
tangential thickness of 6 
mm. Sections cut from 
the three planes of such a 
block will ordinarily include 


at least one full growth-ring (G, Fic. 2) and the full height of the 
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rays. Occasionally a species with higher rays or other special 
features may require blocks of larger dimensions. When present, 
both heart-wood (H) and sap-wood (S$) may be included. The 
block should be carefully trimmed with a knife so that the tissues 
are perfectly oriented with respect to each of the planes intended 
for sectioning. The medullary rays in particular should coincide 
as perfectly as possible with the radial plane. In tropical woods, 
the rays are often narrow, visible only under a lens, and curved, 
so that more than ordinary care is necessary in trimming this 
surface. 

Before proceeding with the treatment, the blocks should be 
numbered for sake of record. Some use a system of notches along 
the edges. Perhaps one of the best methods is to carve Roman 
numerals on the radial face not intended for sectioning, underscor- 
ing IX to distinguish it from XI (N, Fic. 2); also, many tropical 


woods require an arrow to indicate the direction of growth. 


B. REMOVING THE AIR 


After the blocks have been cut the desired shape, air should 
be extracted as far as possible from the cell lumina by alternate 
boiling and cooling in water. The use of an Eimer and Amend 
aspirator No. 3250 after boiling greatly hastens the process. This 
treatment should be continued until the lightest blocks sink and 
little or no air comes from the tissues when the aspirator is applied. 
Most blocks sink in a few hours, but species with numerous tyloses 
may take a longer time. Thus, blocks of Rhus semialata Murr. 
var. sandwicensis Gray remain floating five days during the boiling 
and cooling process, or two days when boiling periods are followed 


by the application of the aspirator. 


C. SOFTENING THE TISSUES 

Nearly all xerophytic species of tropical woods require a long 
treatment in strong hydrofluoric acid, often extending over several 
weeks, before they can be sectioned. Rain forest and bottom- 
land woods are frequently soft, but even such woods usually cut 
with clearer outlines when treated for at least a few days in acid. 

For treating material with hydrofluoric acid, the blocks, after 
removal of air, may be placed in a wide-mouthed glass bottle, care- 
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fully coated inside with hard paraffin, or, still better, in cups pre- 
pared by cutting empty hydrofluoric acid bottles. Strong hydro- 
fluoric acid is added to cover the material, and the container then 
corked or covered with a hard paraffin plate for a period varying 
from a few days to six weeks or longer, the length of time being 
determined by removing blocks at intervals of one to several days 
and testing with a sharp scalpel until they are found to be suf- 
ficiently soft to cut easily in transverse section. 

In the writer’s experience, tissues are 
em rarely injured by leaving them a long time 





—- in hydrofluoric acid. Thus, in case of a 
ry young stem of Dracaena curea Mann, deli- 
‘\! cate tissues, such as the phloem, cambium, 
aN undifferentiated parenchyma, and _ other 
thin-walled tissues, together with the bun- 

dles of needle-like raphides of calcium ox- 

alate, were all left uninjured by long treat- 

ment in acid. In one instance, a block of 

Santalum Freycinetianum Gaud., of the size 

J 








and shape described for F1G. 2, was placed 
jubthecwimpgeed September 6, 1917, and left until 
for washing blocks or sec- 
eins March 26, 1918, when it was washed and 
sectioned. Though in moderately strong 
acid for over six months, all structures, including the mineral 
crystals, were in perfect condition. 

Hydrofluoric acid probably softens the tissues mainly, if not 
entirely, by the removal of silica (desilicification). But other 
minerals would probably be acted upon. For example, calcium 
would form the insoluble calcium fluoride which would remain in 
the wall. Curiously, crystals of calcium oxalate in crystal paren- 
chyma or idioblasts usually remain nearly or quite intact long 
after the wood has been sufficiently softened to cut well. Even 
in maceration by Schultze’s solution, crystals may be uninjured. 
Dr. A. J. Hill suggests that, in case of the hydrofluoric acid treat- 
ment, the crystals may have been protected by the formation of 
an insoluble film of calcium fluoride, the possibility of which is 
seen from the following equation: 

CaC,O, + 2 HF = CaF: + HeC,0, 


Insol. 
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The presence of such a film was indicated, though not certainly 
proven, by refraction tests. Another possible agency of protection 
may consist in a thin and presumably impermeable organic mem- 
brane closely applied to the surface of the crystal. Such a mem- 
brane may be detected by zinc chlor-iodide or by the haematoxylin 
stain. Also, a thicker mucilaginous membrane is usually visible 
outside the inner thin membrane. The resistant character of 
these organic coverings is indicated from the fact they may be 
little if at all acted upon by Schultze’s solution. 

As soon as the tissues have been sufficiently softened to cut 
well, they should be washed in running water for about four days 
to remove all acid. An arrangement like that shown in FIG. 3 
is recommended both for this purpose and for washing the sections 
at a later stage. The blocks are placed in a short jar the top of 
which is covered with cheese-cloth through which the pointed end 
of a glass siphon tube is pushed. The long arm of the siphon 
should extend to the bottom of the jar. The short arm takes its 
water from a somewhat taller jar placed beneath a running tap. 
After washing, the blocks should be covered with glycerine where 
they may remain until needed for sectioning. The effect of the 
glycerine is such that any tissues which have become too brittle, 
in a few hours, become sufficiently flexible to cut well with the 
microtome. 


D. IMBEDDING 


Celloidin method.—Certain woods of peculiar structure, like 
Pisonia, in which portions are composed of very soft unlignified 
tissues, and other woods, in case it is desired to cut extremely thin 
sections, must be imbedded in celloidin before cutting. In 
imbedding, the general procedure followed was that described by 
Plowman (04). Solutions of Schering’s celloidin in a mixture 
composed of equal volumes of ether and absolute alcohol may be 
prepared in 2 x 8 cm. shell vials in concentrations of 2, 4, 6, 8, 10, 
12, 14, 10, 16, and 20 per cent. The blocks to be imbedded are 
first treated in hydrofluoric acid and washed as above described. 
Next, in the usual manner, they are gradually transferred to 100 
per cent alcohol. During the latter stages of this dehydration 





process, they are left two days in each alcohol, and the absolute 


alcohol is changed at least once. They are now transferred to a 








, 
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mixture of ether and alcohol, in equal volumes, and finally through 
the graded series of celloidin solutions, being left about twenty- 
four hours in each concentration. On reaching the 20 per cent 
solution, a pressure-resisting container should be used. A brass 
case with screw top, such as a microscope objective box, will 
answer the purpose, or the corked imbedding vial may be wrapped 
tightly with strong cord. After adding sufficient solid celloidin 
to thicken the solution as much as possible, it is placed in a paraffin 
oven at 50-60° C. for three days. During this time, the contents 
of the vial are kept under pressure by the confined gases with the 
object of forcing the celloidin more perfectly into the tissues. 
The imbedded blocks are then removed, hardened in chloroform 
for twelve to twenty-four hours, and placed in a mixture of equal 
parts of 95 per cent alcohol and glycerine until ready for sectioning. 

Paraffin method.—Only very soft tissues should be imbedded 
in paraffin. Woody tissues, even after being well softened by 
acid, are likely to become too hard during the process of imbedding 
in paraffin to cut well with the microtome. 


E. SECTIONING WITH THE MICROTOME 

Unimbedded material.—After softening the tissues as already 
described, the material is ready to section. In cutting sections, 
the blade of the knife should be kept flooded with a 15 per cent 
solution of glycerine in 95 per cent alcohol. Sections are best 
removed from the blade by a fine camel's hair brush and are 
transferred to water. From blocks prepared as above described, 
cross-sections may be cut as thin as 10-15 yu; radial sections, 8-20 u; 
and tangential sections about 7 4. Where, for special purposes, 
such as the study of the detailed structure of pit membranes, it is 
necessary that the sections be considerably thinner than this, the 
material must be imbedded in celloidin as above described. 

Imbedded material.—To section material after imbedding in 
celloidin, the blade may be moistened either with 95 per cent alcohol 
or with the alcohol-glycerine mixture. Sections of woody tissues 
may then be cut to less than 34 in thickness. To obtain very 
thin sections, it is essential not only that the knife be sharp, but 
that it be ground to an alignment sufficiently true to admit of the 


use of the blade at very oblique horizontal inclinations with refer- 
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ence to the direction of motion, such as 4°. Thin sections such 
as these require great care in handling. In most cases, particularly 
in the longitudinal planes, only extremely small pieces may be cut, 
since such sections, being less than the diameter of the cells, 
are often sections of single cells and may even be too small to be 
seen without a lens. 

After washing the sections in water to remove all glycerine, 
the celloidin may be removed by covering the sections for several 
hours with the ether-alcohol mixture. The process of clearing 
may go on very slowly and more than twenty-four hours may be 
required to remove all celloidin. The sections should now be 
placed on a slide in dilute albumen fixative (one drop to 2 c.c. 
of distilled water) and warmed slightly until dry. After standing 
over night, they are ready for staining. For staining, Koplin 
jars are best used, but otherwise the procedure is the same as for 
unimbedded material to be described in connection with differen- 
tial stains. 


F. FREE HAND SECTIONS 

Since small unstained radial and tangential sections mounted 
in glycerine ordinarily show the essential anatomical features, the 
following method, though especially adapted to coniferous woods, 
is suggested, in connection with macerated preparations, to assist 
in the rapid identification of material. The radial and tangential 
surfaces are first cut true with a knife, then a sharp razor is drawn 
lightly over the surface allowing it to cut thin fragmentary pieces. 
These are placed in a drop of water on a slide and held over a 
flame until boiling temperature is reached. Alcohol is now 
dropped upon the section until all air has disappeared from the 
cell-lumina. After a brief staining in aqueous potassium iodide 
solution of iodine, the sections are ready to mount in glycerine. 


4. PREPARATION OF MATERIAL BY MACERATION 


Many tropical woods contain substances in the ray cells and 
in other elements, by reason of which details of pitting and similar 
features are obscured. Macerations will be found satisfactory 
in such instances and the following modification of Schultze’s 
method is suggested for their preparation :— 
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1. Cut chips to expose a radial length of 2 cm., an axial length 
of 1 cm., and a tangential thickness of 2 mm. 

2. Place these in a numbered test tube, cover with water, 
and keep at boiling temperature in the water bath for about an 
hour. The hot water is then replaced by fresh cold water and 
the tube reheated. Alternate cooling and boiling periods should 
be continued for at least five changes. 

3. Cover the material with 50 per cent nitric acid and add a 
small amount of potassium chlorate (as much as may be taken 
upon the point of a small knife blade). It is now kept at boiling 
temperature until the pieces have whitened and commenced to 
fray, when cold water is poured on, causing the macerated material 
to settle. The acid solution is then replaced with water and al- 
lowed to heat with the purpose of removing the acid solution. 

4. Transfer the material to a watch-glass where it may be 
teased apart with a small size artist’s brush. By means of a 
pipette, change the water several times or until all particles of 
foreign matter and traces of chemicals have been removed. 

5. Replace the water by 95 per cent alcohol for 30 minutes or 
until all air has been removed from the cell-lumina. 

6. Replace the alcohol by a 2 per cent solution of Bismarck 
brown in 70 per cent alcohol, in which the material should stand 
for twelve to twenty-four hours. 

7. To remove excess stain, wash quickly in alcohol and transfer 
to glycerine, which should be changed if greatly colored by the 
stain. 

8. Mount in glycerine and cement with Brunswick black or 
gold size. 

Preparations such as these are almost essential for the working 
out of the details of vascular anatomy. If a water bath capable 
of receiving twenty test tubes is used, but little time need be 
consumed in making the preparations. The action of the chemi- 
cals proceeds so slowly that there is little danger of tissues being 
destroyed. 


5. DEFINITION OF ANATOMICAL DETAILS 
A. BY DIFFERENTIAL STAINING 
In the writer’s experience, Haidenhain’s iron-haematoxylin 
has proved the best all-round stain for bringing out the anatomical 
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structure of woody tissues. This is true both for the relatively 
thick sections cut from unimbedded blocks and for the very thin 
sections obtained by the celloidin method. In these latter sec- 
tions, for example, it is possible with this stain to bring out such 
structures as the reticulated thickenings of pit membranes as well 
as similar features not visible by other means. 

Before staining, sections cut from the unimbedded blocks or 
imbedded sections on slides are washed in three or more changes 
of water to remove glycerine. The sections are then covered with 
a 2.5 per cent aqueous solution of iron-alum (ferric ammonium 
sulphate) for five to twelve hours. Next, they are washed in run- 
ning water for five minutes (or two minutes in case of slide 
material), stained with 0.5 per cent aqueous solution of haema- 
toxylin (Chamberlain, ’15, p. 41) for twelve to twenty-four hours, 
washed in water for three minutes, and then again treated with 
the iron-alum solution. The sections are left in the iron-alum 
until they become light gray, but, for best results, the material 
should be watched under the microscope, so that the process may 
be stopped the moment the clearest definition is reached. Sections 
are then washed in i1unning water for three hours or longer to 
emove all trace of iron-alum. In many cases, this washing also 
serves to remove precipitates and other clouding matter from 
the tissues so that the clearness and transparency of the section 
is greatly improved. It is often well to extend the period of 
washing to twenty-four hours or longer. For this purpose the 
siphon apparatus shown in FIG. 3 is useful, since it allows a thor- 
ough percolation of water through the sections for any length of 
time without danger of mechanical injury to the tissues or of loss 
of material. The sections rise flat to the top directly in the out- 
flowing tap water which, from a public supply system, is usually 
sufficiently alkaline to give a clear blue color to the haematoxylin, 
hence being preferable to distilled water for this purpose. 

For best results, woody tissues stained as above should be 
counterstained with safranin. This stain is made up by combining 
equal portions of a I per cent solution of alcohol-soluble safranin 
in 95 per cent alcohol and a 1 per cent aqueous solution of water- 
soluble safranin. For extremely thin membranes, where a very 


weak counterstain is desirable, one to three minutes in the safranin 





: 
: 
| 
: 
: 
: 











140 BROWN: WooDs FOR MICROSCOPIC STUDY 


may be sufficient; but for general work, longer periods up to two 
hours, giving a heavy but not too opaque stain, are desirable. De- 
hydration is accomplished by washing quickly in 95 per cent alco- 
hol, then successively in absolute alcohol and xylol. The sections 
are mounted in dammar or balsam. 

Sections which tend to curl badly after cutting, as in case of 
many woods with thick-walled elements, may be placed, as soon 
as cut, between two glass slides and allowed to dry before staining. 
In most cases, the section may then be placed free in the stain, 
but occasionally it may be necessary to proceed with one or more 
steps of staining before removing from the slides. 

For a number of purposes, the above process, with slight 
modification, may be used successfully in staining the soft cellulose 
tissues of the bark; but for this purpose Congo red is superior to 
safranin as a counterstain. Where shrinkage due to dehydration 
is not too great and the cell contents stain black, as in Malus or 
Pyrus, preparations showing clearly such details as the reticulate 
thickenings, pits, and even protoplasmic bridges through the 
pit-membranes of the hypodermal collenchyma may be obtained 
by the following process: 

1. Sections 6 uw in thickness are cut from green material col- 
lected in winter, to show pits and protoplasmic bridges in section, 
or 10 w in thickness to show pits and reticulations in surface view. 

2. Place for five hours in 2.5 per cent aqueous solution of 
iron-alum. 

3. Wash five minutes. 

4. Stain about twelve hours in 0.5 per cent aqueous solution 
of haematoxylin. 

5. Wash five minutes. 

6. Differentiate in a 2.5 per cent iron alum solution until 
sections are gray. 

7. Wash three hours. 

8. Stain in a saturated aqueous solution of Congo red one to 
five minutes for pits in section, ten to thirty minutes for pits in 
surface view, one to two hours for reticulation of thin end-walls. 

g. Dehydrate in absolute alcohol one minute. 

10. Clear in xylol one minute. 

11. Mount in dammar. 








BROWN: Woops FOR MICROSCOPIC STUDY 141 


Also, longitudinal sections of phloem 6 uw in thickness, when 
treated as above, will show the lattice-like arrangement of sieve 
areas in the lateral walls of the sieve tubes. 

A convenient method of numbering and labeling slides is as 
follows. By means of a camel's hair brush, cover the entire upper 
surface of the slide outside the coverslip with dilute dammar 
mounting consistency diluted twenty to thirty times with xylol). 
The brush is best fixed in the cork of a bottle used to contain the 
solution. In a few seconds the records may be written with Hig- 
gin’s waterproof ink, and index arrows sketched to point to any 
special part of the mount, if desired. The surface should then 
again be brushed with dammar that the slide may be freely 
handled or washed without injury to the writing. 


B. BY DIFFERENTIAL REFRACTION 


The laws of refraction may be employed not only to give clear 
definition to details in outline, but also to determine physical or 
chemical qualities of cell-walls or cell-contents. In either case 
characters may often be determined by refraction more readily 
and with greater precision than by the reaction of stains or of 
chemical reagents. Refraction opens a wide field for research in 
plant histology and will be treated in some detail in a subsequent 


paper dealing with refraction of light in relation to plant tissues. 


6. MICROCHEMICAL REACTIONS 

Characters readily observed by microchemical means often 
have a systematic value, or are of ecological or physiological in- 
terest, or are closely identified with the peculiar qualities of color, 
hardness, hygroscopicity, porosity, durability, strength and other 
properties upon which depends the special value of any given wood 
in the arts. In the following paragraphs are indicated several 
important characters frequently found in woody tissues of warm 
climate trees, together with a number of microchemical tests 
helpful in connection with their demonstration. 


A. CELLULOSE 


Sections are placed twelve hours or longer in a solution made 
by adding one drop of concentrated aqueous Congo red to 20 c.c. 
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of distilled water. Cellulose tissues turn deep blue as soon as 
transferred to 10 per cent hydrochloric acid. If mounted in 
glycerine (acidulated by adding one drop of strong hydrochloric 
acid to 10 c.c. of glycerine) and well cemented with Brunswick 
black or gold size, the blue color will remain several months without 
fading. 
B. CELLULOSE-LIGNIN 

The above test for cellulose may be varied by transfering the 
section for a brief period to a strong aqueous solution of anilin 
chloride immediately after the treatment with Congo red, the 
remainder of the treatment being the same. Lignified tissues 


appear yellow; cellulose, blue. 


Cc, GUMS 


Gummy substances, both those which are soluble in water and 
those which swell without going into solution (mucilages), are 
constantly met with in woody tissues, occurring in the lumina of 
vessels, tracheids, and other cells, or in intercellular canals or 
cavities, these latter resembling resin cavities. Certain forms 
of each (gums and mucilages) are believed to play the 
rOle of reserve material (Haas and Hill, 13, p. 125; Griiss, 96 
Fibers, composed in large part of mucilaginous inner layers, are 
also of frequent occurrence. The gummy nature of amorphous 
bodies observed in permanent mounts is usually indicated by 
shrinkage checks or other evidences of contraction on dehydration, 
as in Fic. 5 (see further below). Gums may be further distin- 
guished from resins by their insolubility in chloroform. 


Mucilaginous laminae in fibers (‘‘gallertartige Verdickung” 


Sanio, '63, p. 105; Solereder, '08, p. 1143: ‘“‘ Hemicellulose,”’ 


Griiss, '96; Schellenberg, ’05: ‘ cellulose,’’ Potter, ‘04: ‘“‘mu- 
cilaginous fibers,”’ Sachs, °75, pp. 35-36; Jeffrey, '17).—Fre- 
quently woody fibers, particularly of xerophytic species, are 
composed of one or more clear, gelatin-like concentric inner 
layers which shrink greatly on drying (FIG. 4); in young tissue, 
they turn deep violet with zinc chlor-iodide. Solereder ('08, 
p. 1143) records twenty-two families in which such fibers occur, 
and his list is not complete. In a given wood, fibers of this 
description may occur either sporadically or in regular distribution; 
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they may be few in number or may compose nearly or quite 100 
per cent of the prosenchyma. In some cases (Robinia), the purple 
reacting lamellae of fibers may function as reserve material, and 
be more or less completely dissolved in the growing season (Schel- 
lenberg, '05; Griiss, ’96). In this connection, twigs of Acer 
rubrum L., Cercis canadensis L., and Robinia Pseudo-Acacia L., 
gathered in winter condition, sectioned, and treated with zinc 
chlor-iodide, make favorable material for study. A number of 
distinctive properties are exhibited by such fibers: 

a. Hygroscopicity.—M ucilaginous layers readily take up water, 
swell without going into solution, and shrink correspondingly on 
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Fic. 4. Abbé camera drawings of a laminated fiber of Xylosma hawaiiense 
Seem. in cross-section. A, after desiccation. B, after treatment with water. All 
layers have swollen, but the mucilaginous layers (G) more than the ligno-cellulose 
outer portion (L). The simple pits (P) come into alignment after soaking. One 
of the pits remains permanently in connection. TJ, tangential direction. R, radial 
direction. 


drying. If cross-sections 15-30 u in thickness are mounted on a 
slide in water, then dehydrated by flowing absolute alcohol be- 
neath the coverslip, the mucilaginous layers may be observed to 
shrink greatly, in the majority of cases, drawing away from the 
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thin outer ligno-cellulose layer usually present (FIG. 4, A). 
Fibers in which the mucilaginous layers remain in contact with 
the outer layers on drying ordinarily show large shrinkage checks 
extending radially outward from the center, through the muci- 
laginous portion. Dehydration may be completed by placing 
the slide upon the water bath for a few seconds. In stained 
sections mounted in balsam or dammar, mucilaginous membranes 
are usually shown in the contracted state. In glycerine, water, 
or other media in which the tissue has been mounted without 
dehydration, the mucilaginous layers appear in the swollen con- 
dition. Abbé camera outline sketches of single fibers before and 
after dehydration, made with high power and extended draw tube 
to obtain the greatest possible enlargement, accurately show the 
amount of shrinkage as in Fic. 4, A and B. The mucilaginous 
core of such fibers often contracts over 25 per cent of both radial 
and tangential dimensions on drying, and swells rapidly to original 
size on admission of water. The outer ligno-cellulose layer and 
the middle lamella (7) which is here indistinguishable from the 
primary thickening of the fiber, on the other hand, show relatively 
little change in dimensions. The shrinking and swelling of the 
mucilaginous thickenings is partly independent of the other parts 
of the tissue, so that, as in the case of the Hawaiian woods ex- 
amined by the writer, the wood tissue itself was not observed to 
swell or shrink in proportion to that of the mucilaginous layers of 
the fibers. However, blocks of wood in which mucilaginous fibers 
were abundant, as, for example, X ylosma, were found to shrink 
as much as 12 per cent tangentially and 7 per cent radially on 
drying from saturation. 

b. Reaction to stain and other reagents.—Stains and chemical 
reagents react differently according to the age of the tissue; also, 
after material has been softened in hydrofluoric acid, neither 
stains nor chemical reagents give characteristic reactions. 

In old tissue (heartwood), haematoxylin, Bismarck brown, 
and anilin blue stain the mucilaginous layers with varying in- 
tensity as a substance of variable composition. Very commonly 
stains, particularly the safranin, are readily extracted by the al- 
cohol washes or other treatments in the staining process, so that 
the mucilaginous layers appear slightly or not at all stained in the 
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finished mount. With phloroglucinol and hydrochloric acid, a 
more or less pronounced red reaction is usually obtained; with 
zinc chlor-ioidide, a yellow, brownish, or sometimes purplish 
color. 

In young tissue (twigs, sapwood), the mucilaginous membranes 
stain deeply with haematoxylin, or Congo red; with zinc chlor- 
iodide they turn deep purple or violet. 

c. Fracture.—In maceration, mucilaginous fibers are usually 
extremely brittle. A fragment ordinarily shows conchoidal 
fracture across the mucilaginous core. Woods in which mucilagi- 
nous fibers are abundant are likely to be brittle. 
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Fic. 5. Abbé camera drawings of vessel in Tabebuia chrysantha Nichols, (?), show- 
ing surface of insoluble gum (mucilaginous) plate (M). A, after dehydration; B, 


after admission of water beneath coverslip. The shrinkage crack (C) closes in B. 


Mucilage or insoluble gum in cells, vessels, or canals —The 
mucilaginous or gummy substances, which occasionally fill cer- 
tain cells, vessels or intercellular cavities in dicotyledonous 
woods, respond to water tests in much the same way as the 
mucilaginous portion of mucilaginous fibers. Here the substance 
does not ordinarily pull away from the sides of the cavity or canal 
on dehydration, but cleaves apart in long wide gaps extending, 
usually, across the center. Such shrinkage cracks may be observed 
to close up tightly soon after admitting water at the edge of the 
coverslip, and drawing it through by means of blotting paper at 
the opposite side (Fic. 5). The water test serves also to distin- 
guish the gums or mucilages from the resins, which, though they 
may shrink on dehydration, do not swell in water. 
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D. ESSENTIAL OILS, RESINS, AND GUM-RESINS 


Substances of this description occur abundantly in woody 
tissues of tropical dicotyledons, in the cell lumina or in intercellular 
canals (Guignard, ’92; Record, '18), in the form of globules, 
transverse plates or irregular masses. As before indicated, such 
substances may readily be distinguished from the gums by the 
fact that after drying they do not swell in water; also, by their 
solubility in chloroform. The gum-resins, however, may have 
some of the properties of each component. To determine the 
solubility in chloroform, sections (particularly those from seasoned 
blocks) should remain twenty-four hours in the solvent. 

The essential oils, which often possess an aromatic odor, 
resemble the resins except that such bodies readily dissolve when 


absolute alcohol is drawn beneath the cover glass. 


E. FATS 
The fatty oils resemble, in appearance, the essential oils with 
which they often occur in the same cell. Both are stained by 
Sudan III. The fatty oi's are distinguished from essential oils 
from the fact that absolute alcohol dissolves few fatty oils, but 
does dissolve the essential oils; strong potassic hydrate saponifies 
fatty oils, but not essential oils, although some complex resins 
which break down into a fatty component may appear to be 
saponified; a temperature of 130° C. volatilizes essential oils but 
not the fats. 
F. TANNIN 
The presence of tannin in tissues is readily demonstrated by 
familiar tests. A bluish or greenish black is caused by a neutral- 
ized solution of ferric chloride, and a reddish yellow by ammonium 
molybdate. 


G. MINERAL CRYSTALS 
Vertical strands of short cells, each with a single crystal of 
calcium oxalate nearly filling the cavity, are of frequent occurrence 
in tropical woods, being found in over 26 per cent of the Hawaiian 
woods studied by writer. Less frequently they occur in ray-cells 
and other tissues. Their composition is determined from the 


fact that calcium oxalate dissolves without effervescence in 
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hydrochloric acid, but is unaffected by acetic acid. Calcium 
carbonate, which is of comparatively rare occurrence in crystalline 
form, dissolves in either acid with effervescence. 

The fact that each mineral crystal is often closely incased in a 
resistant, nearly impermeable membrane may make it necessary 
to free the face of the mineral from its coating before the test can 
be applied. This may be done by holding a thin section in a 
pair of forceps, igniting, and allowing to burn or char only suffi- 
ciently to free the crystal,or a portion of it. Care must be exercised, 
for the calcium oxalate, with sufficient heat, is changed to calcium 


ca bonate and finally to calc um oxide. 


H. CHEMICAL GROWTH-RINGS 
Some woods without any visible structural growth-rings, may 
yet exhibit what appear to be definite seasonal variations in the 


chemical composition of the wood, so that distinct chemical rings 
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Fic. 6. Chemical growth-ring in Xylosma hawaiense Seem. Arrow indicates 
direction of growth. Z, lignified zone. A slight retardation of growth is indicated 
by somewhat shortened ray-cells at R, and occasional slightly compressed fibers (F)- 


may be demonstrated by microchemical means. The term chemi- 


cal growth-rings is here suggested for such zonal variations in the 
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cellulose, lignin, mucilage, or other components of the cell-wall, 
which appear correlated with seasonal growth. The evidence 
that such zones of chemical variation actually represent true 
growth-rings is not without structural confirmation. For example, 
on following carefully a chemical ring (Fic. 6) which appears 
sharp on its outer face, as in Xylosma hawatiense Seem., such 
evidences as the presence of short ray cells (R) or slightly flattened 
fibers (F) would seem to indicate a slight retardation of growth 
at that place. 

In case of woods in which chemical rings are present due to 
seasonal variations in lignification, such rings are readily demon- 
strated by placing cross-sections 15-20y thick in an alcoholic 
solution of phloroglucinol for two minutes, then treating with 
strong hydrochloric acid. Definite chemical rings appear, which 
are sharply defined on the outer face, blending gradually into 
deeper shades toward the interior. Similarly, the cellulose test 
may reveal zonal differences in the amount of cellulose. Another 
type of growth-ring is defined by seasonal zones of mucilage- 
reacting fibers, but such zones, though occurring in regular zonal 
alternation, may not be sharply defined on either face. In 
Alphitonia excelsa Reiss., such mucilaginous chemical rings are 
plainly visible without a lens. 


7. Ligutp PENETRATION TEST 

It not infrequent'y happens that tyloses, gums, and other 
bodies which may fill the lumina of vessels and other conducting 
elements in the region of the heartwood, are displaced or lost 
during the process of sectioning or staining, so that, from a micro- 
scopic examination, one may fail to make an accurate estimate of 
their presence or abundance. The following test is of material 
aid: Alcohol is dropped upon the transverse surface of a dry 
block of wood. If tyloses, gums, or other bodies are abundant, 
the liquid spreads out over the surface; if absent, the liquid quickly 
disappears in the tissues and soon runs through to the opposite 
end. Thus, in case of the red oaks, only a few seconds are re- 
quired for the liquid to appear at the opposite end of blocks six 
inches or more in axial thickness. Woods, in general, separate 
rather definitely into two classes, those which are penetrable and 
those which are not. 
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8. SUMMARY 

In cutting thin woody sections with a sliding microtome, it is 
essential, for accurate results, that careful, attention be paid to 
sharpening and adjusting the knife. The blade must be ground 
to perfect axial alignment. The wedge-shaped edge should have 
an angle of approximately 20°; for general work this gives better 
results than a more acute edge. 

In softening tissues of tropical woods for sectioning, strong 
hydrofluoric acid may be used in preference to weak. The 
length of time required to soften tissues of tropical woods varies 
from a few days to several weeks, little if any injury being done 
to the tissues by remaining a long time in acid. The process of 
demineralization of the cell-wall may be completed without per- 
ceptible effect upon the outline of the calcium oxalate crystals 
contained in the cells, beyond the fact that the refractive properties 
may be changed. 

In the maceration of woody tissues, Schultze’s method may be 
employed with safety if equal volumes of acid and water are used. 

Fibers with one or more mucilaginous inner layers are frequent 
in the xylem of tropical trees. Perhaps the most constant proper- 
ties of the mucilaginous layers consist (1) in their marked swelling 
in water and (2) their brittleness on drying. With stains and 
reagents, reactions differ with the age of the tissue. Thus in 
young tissue (twigs, sapwood) gathered during the period of rest, 
a purple color is obtained with zinc chlor-iodide; haematoxylin, 
anilin blue, or Congo red stain deeply. In old tissue (heartwood), 
the mucilaginous layers react, as a rule, yellow or brownish with 
zine chlor-iodide, and take stains irregularly. Woods in which 
mucilaginous fibers are abundant may shrink greatly on drying 
or swell correspondingly on wetting, though not to the same degree 
as the mucilaginous membranes. 

Woods without structural growth-rings may possess chemical 
rings demonstrable by microchemical means. 
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